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(57) ABSTRACT 

An ultrasonic tool, for bonding tWo materials to each other 
by joining a face of one of the materials to a face of the other 
material using the action of ultrasonic Waves applied to one 
of the materials through another face of the one of the 
materials, Wherein the ultrasonic tool has a coating layer 
comprising chromium oxide as a main component formed 
on at least the surface of the tool that is in contact With the 
face of the one of the materials through Which the ultrasonic 
Waves are applied to the one of the materials. An ultrasonic 
bonder provided With the ultrasonic tool is also disclosed. 

16 Claims, 6 Drawing Sheets 
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ULTRASONIC TOOL AND ULTRASONIC 
BONDER 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2003 
396606, ?led on Nov. 27, 2003, the entire contents thereof 
being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an ultrasonic tool and an 

ultrasonic bonder. More speci?cally, the invention relates to 
an ultrasonic tool and an ultrasonic bonder having a feature, 
in its constitution, for improving the durability of the ultra 
sonic tool attached to an end of an ultrasonic bonder for 
?ip-chip-bonding a semiconductor device or another elec 
tronic device, as Well as for improving the e?iciency for 
transmitting ultrasonic Wave energy. 

2. Description of the Related Art 
An ultrasonic bonder has heretofore been knoWn for 

bonding resin materials or metal materials. In an ultrasonic 
bonder, a base material and a material to be bonded to the 
base material are overlapped one upon the other, and are 
bonded together by utiliZing the friction and the heat of 
friction that is generated When the surfaces to be bonded are 
slid at high frequency utiliZing ultrasonic Waves (see, for 
example, JP 2001-105159 A and JP 7-326619 A). 

That is, When the junction surfaces are slid at a high 
frequency, the base material and the material to be bonded 
melt due to the friction and the heat of friction accompany 
ing the sliding, or the oxide and the like on the surface of the 
base material and of the material to be bonded are removed, 
and a ?rm and strong bond is formed betWeen resin materials 
or betWeen the metal materials. 

The above ultrasonic bonding has heretofore been 
employed When an electronic part having bumps formed on 
the loWer surface thereof is to be mounted on a substrate. A 
conventional ultrasonic bonding process Will be described 
beloW With reference to FIGS. 6A to 6D. 
As shoWn in FIG. 6A, Cu pads 31 connecting to Wiring 

patterns (not shoWn) are provided on a mounting substrate 
30, and a solder resist 32 is provided to surround the Cu pads 
31. 
As shoWn in FIG. 6B, an under-?lling resin 33 obtained 

by mixing an epoxy resin and a coupling agent is then 
applied so as to completely ?ll the space under an electronic 
part to be mounted, depending upon the siZe of the electronic 
part. 

Subsequently, as shoWn in FIG. 6C, an electronic part 40 
provided With Au bumps 42 having Cu pads 41 interposed 
betWeen the respective bumps and the part is so placed that 
the Au bumps 42 of the electronic part 40 face the Cu pads 
31 of the mounting substrate 30. An ultrasonic tool 51 made 
of a metal material containing Fe provided at an end of the 
ultrasonic bonder is then pushed onto the upper surface of 
the electronic part 40 to press the electronic part 40 to the 
mounting substrate 30 While applying ultrasonic Waves, to 
thereby bond the Au bumps 42 of the electronic part 40 to 
the Cu pads 31 of the mounting substrate 30. In the draWing, 
reference numeral 52 denotes a horn that constitutes the 
ultrasonic bonder. 
As shoWn in FIG. 6D, the under-?lling resin 33 is 

therrnoset to complete the mounting structure. 
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2 
When the ultrasonic energy is applied While pressing the 

electronic part as described above, hoWever, only up to 
about 60% of the applied energy is transmitted to the 
electronic part When a conventional ultrasonic tool is used. 
The 60% of energy transmission rate is herein calculated by 
dividing oscillation of an electronic part by oscillation of an 
ultrasonic tool. 

Referring to FIG. 7, this is presumably due to that a slip 
occurs at the interface betWeen the ultrasonic tool 51 and the 
electronic part 40 due to a loW frictional resistance at the 
interface. When the mounting operation is continuously 
conducted using the above ultrasonic tool 51, both the 
ultrasonic tool 51 and the electronic part 40 are damaged. 
Under such circumstances, the ultrasonic tool had to be 

removed and regenerated before the development of dam 
age, requiring an increased number of steps and costs. 

Besides, due to a large loss in the energy transmission, the 
bonding quality is not stable. 

To enhance the energy transmission rate, in this case, it 
can be contrived to increase the frictional resistance by 
roughening the surfaces. If the surfaces are simply rough 
ened, hoWever, the surfaces of the electronic parts are 
damaged, and the mass-production thereof is hindered. 

It is knoWn to provide the surface of an ultrasonic tool 
With a coating. HoWever, such a coating does not make it 
possible to improve both the energy transmission rate in 
ultrasonic bonding and the durability of an ultrasonic tool. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to improve both the 
energy transmission rate in ultrasonic bonding and the 
durability of an ultrasonic tool. 

According to the invention, there is provided an ultrasonic 
tool for bonding tWo materials to each other by joining a face 
of one of the materials to a face of the other material using 
the action of ultrasonic Waves applied to one of the materials 
through another face of the one of the materials, Wherein the 
ultrasonic tool has a coating layer comprising chromium 
oxide as a main component and formed on at least the 
surface of the tool that is in contact With the face of the one 
of the materials, through Which the ultrasonic Waves are 
applied to the one of the materials. 
The coating layer may consist essentially of chromium 

oxide, or may contain chromium oxide and particles of other 
material or materials. Preferably, the material of the particles 
is a ceramic. 

Preferably, the body of the tool is formed of a metal 
material containing iron. The metal material can be selected 
from the group consisting of carbon steels, stainless steels, 
and titanium steels. 

Preferably, the coating layer has a thickness of 1 to 3 
micrometers. 

Also, preferably, the coating layer has a surface roughness 
Ra of 0810.1 micrometers. 

According to the invention, there is also provided an 
ultrasonic bonder provided With the ultrasonic tool of the 
invention. The ultrasonic bonder of the invention may have 
a source of ultrasonic energy and a horn for transmitting the 
ultrasonic energy to the ultrasonic tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the principle of the present invention; 
FIG. 2 schematically illustrates an ultrasonic bonder 

incorporating an ultrasonic tool according to a ?rst embodi 
ment of the present invention; 
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FIGS. 3A to 3D show the process for producing the 
ultrasonic tool according to the ?rst embodiment of the 
present invention; 

FIG. 4 is a diagram illustrating the dependence of the 
energy transmission rate and the shearing strength upon the 
amplitude of ultrasonic Waves in the case Where the ultra 
sonic bonding is effected by using the ultrasonic tool of the 
present invention; 

FIGS. 5A to 5D shoW the process for producing the 
ultrasonic tool according to a second embodiment of the 

present invention; 
FIGS. 6A to 6D shoW a prior process for ultrasonic 

bonding; and 
FIG. 7 illustrates problems in the prior process for ultra 

sonic bonding. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates the principle of the present invention. 
To solve the above problems, the present invention has a 

feature in that an ultrasonic tool 1 has a coating layer 2 
comprising chromium oxide, as a main component, formed 
on at least the surface thereof that is in contact With a part 
to be bonded. 

By providing such a chromium oxide-based coating layer 
2 on the surface of the ultrasonic tool 1, it is made possible 
to avoid damage to the surface of the part to be bonded, and 
to realiZe a surface state of the ultrasonic tool capable of 
providing a su?icient frictional resistance betWeen the tool 
and the part to be bonded and, hence, to improve the 
durability of the tool in a mass-production operation. 

It Was heretofore knoWn that a coating layer can be 
provided on the surface of an ultrasonic tool. With the 
conventional coating layer, hoWever, it is not possible to 
improve both the energy transmission rate, in ultrasonic 
bonding, and the durability of the ultrasonic tool. 

The “ultrasonic tool” of the present invention stands for a 
tool that does not include a horn 5 (FIG. 1) in the case of a 
separate type in Which the tool 1 is braZed to the horn 5, or 
stands for a tool that is part of the end of the horn 5 in the 
case of a type in Which the tool 1 is integrated With the end 
of the horn 5. 

The chromium oxide based coating layer 2 may be formed 
only of chromium oxide or may be formed of a material 
containing chromium oxide and particles such as ceramic 
particles incorporated to adjust the surface roughness of the 
coating layer 2. 
As a base material 3 constituting the ultrasonic tool 1, it 

is preferable to use a metal material containing iron Which 
hardly deforms at a temperature of 500 to 600° C. As the 
“metal material containing iron”, there can be typically used 
a carbon steel, a stainless steel or a titanium steel in 
composition ranges speci?ed under JIS standards. 

In this case, When the thickness of the coating layer 2 
exceeds 3 pm, the surface ruggedness of the ultrasonic tool 
1 increases. When the ?lm thickness exceeds 5 um, in 
particular, it becomes di?icult to maintain the ?atness of the 
tool surface. When the ?lm thickness is smaller than 1 pm, 
on the other hand, a desired durability is not obtained. It is 
therefore preferred that the thickness of the coating layer 2 
is in the range of 1 pm to 3 pm to decrease the slipping at 
the interface and, hence, to increase the durability in a 
continuous mounting operation. 
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4 
In this case, the thickness of the coating layer 2 stands for 

a thickness inclusive of a thickness of a compound layer 4 
of iron and chromium formed at the interface With the base 
metal 3. 

It is also preferred that the coating layer 2 has a surface 
roughness Ra (JIS standard) of 0.8 um:0.l um. When the 
surface roughness Ra is too small, the frictional resistance 
decreases and the energy transmission rate decreases. When 
the surface roughness Ra is too great, the surface of the part 
to be bonded is damaged. 

The surface roughness Ra is adjusted by grinding the 
surface of the coating layer 2 or by incorporating ceramic 
particles into the coating layer 2. 
By providing the ultrasonic tool 1 having the above 

construction at the end of an ultrasonic bonder, it is made 
possible to realiZe an ultrasonic bonder featuring a high 
energy transmission rate and an excellent durability. 

According to the present invention, as a coating layer 
comprising chromium oxide as a main component is pro 
vided on the surface of the ultrasonic tool, the ultrasonic tool 
exhibits an improved durability, thereby eliminating the 
need of a treatment for regenerating the ultrasonic tool, 
making it possible to decrease the cost While increasing the 
productivity. 
OWing to the provision of the coating layer comprising 

chromium oxide as a chief component, there is no slipping 
at the interface, leading to the enhancement in the energy 
transmission rate, With the result that the bonding operations 
are carried out equally from one to another and the quality 
of products are improved. 

In the present invention, the surface of a base material of 
a metal material containing iron, such as a carbon steel, a 
stainless steel or a titanium steel, is Washed, the base 
material is then immersed in a solution containing a chro 
mium compound such that the base material is impregnated 
With the chromium compound, folloWed by ?ring to form a 
coating layer comprising chromium oxide as a main com 
ponent. These steps are repeated until the thickness of the 
coating layer reaches 1 to 3 um and, ?nally, the surface of 
the coating layer is ground so that the surface roughness Ra 
is 0.8 um:0.l pm. 
The ultrasonic tool thus produced is attached to a horn to 

complete an ultrasonic bonder. 
The ultrasonic tool of a ?rst embodiment of the invention 

Will noW be described With reference to FIGS. 2 to 4. 
FIG. 2 schematically shoWs the construction of an ultra 

sonic bonder incorporating the ultrasonic tool according to 
the ?rst embodiment of the present invention together With 
an electronic part for easy comprehension of the operation at 
the time of bonding. 
The ultrasonic bonder 10 shoWn in the draWing comprises 

an ultrasonic tool 20, for effecting the bonding, in contact 
With an electronic part or the like, an oscillator 11 Which is 
a source of ultrasonic oscillation, boosters 12 for controlling 
the amplitude of ultrasonic Waves produced by the oscillator 
11, a horn 13 for transmitting the ultrasonic Waves from the 
boosters 12 to the ultrasonic tool 20 While maintaining a true 
sinusoidal Waveform, and a horn holder 14 for mounting the 
horn 13 on an installation. A poWer source for supplying 
electric poWer to the oscillator 11 is not shoWn in the 
draWing. 

For the ultrasonic bonding, the ultrasonic tool 20, Which 
is braZed to the end of the ultrasonic bonder 10, is pushed 
onto the surface (upper surface) of the electronic part 40, the 
Au bumps of Which 42 are facing the Cu pads 31 provided 
on a mounting substrate 30 placed on a stage 15. Apressure 
is then exerted on the electronic part 40 and, at the same 
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time, ultrasonic Waves are applied, such that the Au bumps 
42 and the Cu pads 31 are slid and bonded together. 

Referring to FIGS. 3A to 3D, a process for producing the 
ultrasonic tool according to the ?rst embodiment of the 
invention Will be described. 

Referring to FIG. 3A, the coating surface of a base 
material 21 of, for example, a stainless steel having a 
rectangular parallelopiped shape measuring, for example, 12 
mm long and 1 mm thick and having a vacuum adsorption 
hole 22 of a diameter of, for example, 5 mm at the central 
portion thereof, is cleansed by deWaxing, Washing With an 
alkali, Washing With an acid or the like. 

Referring to FIG. 3B, the base material 21 is then 
immersed in a solution containing a chromium compound, 
such as a compound of hexavalent chromium, so that at least 
the coating surface layer of the base metal 21 is impregnated 
With the chromium compound, Which is represented by 
reference numeral 23 in the draWing. 

Next, the chromium compound 23 is oxidiZed by ?ring to 
form a thin coating ?lm 24 containing chromium oxide as a 
main component (FIG. 3C). By this treatment, on the surface 
of the base material 21, iron Which is the component of the 
base material 21 reacts With the chromium of the chromium 
compound to form a compound layer 25 made up of a 
compound of iron and chromium to provide a ?rm and thin 
coating layer 24. 

These steps are repeated until the thickness of the thin 
coating ?lm 24 reaches 1 to 3 pm inclusive of the compound 
layer 25 to thereby form a coating ?lm 26 (FIG. 3D). 

Finally, the surface of the coating ?lm 26 is ground to 
acquire a surface roughness Ra:0.8 um:0.1 pm to complete 
the ultrasonic tool 20 of the ?rst embodiment of the inven 
tion. 
By using the ultrasonic bonder having the ultrasonic tool 

20 of the ?rst embodiment braZed to the end of the horn 13, 
the electronic part 40 Was mounted on the mounting sub 
strate 30, With the result that the energy transmission rate 
Was improved by about 20% and the shearing strength 
(grams/bump) as measured by a shear measurement Was 
greatly improved. 

20 

25 

30 

35 

6 
FIG. 4 is a diagram illustrating the dependence of the 

energy transmission rate and the shearing strength upon the 
amplitude of ultrasonic Waves in the case Where the ultra 
sonic bonding is effected as described above. It shoWs the 
results in the case Where the coating ?lm 26 had a thickness 
of 2 pm, and a COC (chip on chip) of a square shape having 
a side of 8.5 um Was ultrasonic-bonded onto the silicon 

substrate of the same siZe. Namely, the results are those in 
the case Where load Was applied until it reached up to 10 
g/bump and a high frequency of 50 kHZ Was then applied for 
0.5 seconds. 

The energy transmission rate decreases With an increase 
in the amplitude of ultrasonic Waves but is still improved by 
about 20% as compared to the case of no coating ?lm. This 
is presumably because the coe?icient of friction is increased 
by the formation of the chromium oxide-based coating ?lm 
having a surface roughness Ra lying in a suitable range and, 
hence, the energy transmission rate is increased. 

The COC and the ultrasonic tool are initially fastened 
together relying simply upon the frictional resistance and 
vacuum adsorption. Accordingly, When the amplitude of 
ultrasonic Waves is increased, the oscillating rate of the 
ultrasonic tool increases, and it becomes di?icult to su?i 
ciently hold the COC. It is believed that this accounts for the 
decrease in the energy transmission rate. 

The shearing strength is sharply increased With an 
increase in the amplitude of ultrasonic Waves, and is greatly 
improved as compared to the case of no coating ?lm. This 
is presumably because the bonding surfaces are ?attened and 
cleaned during the bonding by the Au bumps 42 rubbed 
against the Cu pad 31, and are cleansed to effect the bonding. 
Therefore, the friction increases With an increase in the 
amplitude, Which yields a ?rmer bonding. 

Table 1 summarizes hardnesses of various tools provided 
With no coating ?lms and tools provided With different kinds 
of coating ?lms, as Well as an evaluation based on frequency 
of crack occurrence and silicon build-up. 

TABLE 1 

Surfaces of Ultrasonic Tools 

Evaluation 

Si 

Materials Components Hardnesses Cracks Build-up Judgment 

Tools With Chromium oxide Chromium oxide Hv 1700 0/15 No Good 
coating Lubricative plating Ni, P, PTFE Hv 550 0/15 YES No good 
?lms Chromium nitride Cr'N Hv 1700 0/15 YES No good 

Aluminum titanium Ti'Al'N Hv 2500 0/ 15 YES No good 
nitride 

Titanium nitride Ti'N Hv 2100 0/ 15 YES No good 
Tools With USU420 Cr'Ni'C HRC 50 0/15 YES No good 

no coating Hard metal Z10 Tungsten carbide, Hv 1710 0/15 YES No good 
?lm Fluorine carbide, Mo 

Hard metal G5 Tungsten carbide, Co Hv 1300 0/15 YES No good 
Micro grained hard Tungsten carbide, HRA 92 0/15 YES No good 
alloy Fluorine carbide, Mo 
Non-magnetic hard Tungsten carbide, HRA 90 1/ 15 YES No good 
alloy NM15 Co, Ni 
Sintered diamond PCD Diamond particle, Hv 8000 1/15 No No good 

Ni, Co 
CVD diamond 100% Diamond Hv 10000 0/15 YES No good 

DLC C, H (Amorphous) Hv 3000 0/15 YES No good 
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In the column of hardness of Table 1, HRC represents a 
Rockwell hardness that is suited for indicating a hardness of 
a plated ?lm or the like, HRA represents a Rockwell A 
hardness suited for indicating a hardness of ?ne particles or 
the like, and Hv represents a Vickers hardness. 
As Will be obvious from Table 1, no crack occurred and 

no silicon built up only When the surface of the base material 
Was coated With a ?lm of chromium oxide. 

“Silicon build-up” used herein stands for a phenomenon 
in Which the silicon material of a COC builds up on the 
surface of a base material When a coating ?lm is peeled 
therefrom or When no coating ?lm is formed thereon. 

Chromium oxide exhibits a suitable degree of hardness, 
i.e., Hv of 1700, and can therefore guarantee durability of a 
tool even in a continuous mounting operation in Which a 
large number of parts are subjected to ultrasonic bonding. 

The ultrasonic tool of a second embodiment of the inven 
tion Will noW be described With reference to FIGS. 5A to 5D. 

First, in the same manner as in the ?rst embodiment, the 
coating surface of a base material 21 of, for example, a 
stainless steel having a rectangular parallelopiped shape 
measuring, for example, 12 mm long and 1 mm thick and 
having a vacuum adsorption hole 22 of a diameter of, for 
example, 5 mm at the central portion thereof, is cleansed by 
deWaxing, Washing With an alkali, and Washing With an acid 
or the like (FIG. 5A). 

Referring to FIG. 5B, the base material 21 is then 
immersed in a solution containing a chromium compound, 
such as a compound of hexavalent chromium, as Well as 
ceramic particles, so that at least the coating surface layer of 
the base material 21 is impregnated With the chromium 
compound containing ceramic particles, the chromium com 
pound and the ceramic particles being indicated by reference 
numerals 23 and 27, in the draWing, respectively. 

The chromium compound 23 is then oxidiZed by ?ring to 
form a thin coating ?lm 28 containing chromium oxide as a 
main component and comprising ceramic particles 27, as 
shoWn in FIG. 5C. A compound layer 25 made up of a 
compound of iron and chromium is also formed on the 
surface of the base material 21, as in the ?rst embodiment. 

These steps are repeated until the thickness of the thin 
coating ?lm 28 reaches 1 to 3 pm inclusive of the compound 
layer 25 to thereby form a coating ?lm 29 having a surface 
roughness Ra of 0.8 um:0.1 pm, the roughness having been 
resulted from the presence of the ceramic particles 27 (FIG. 
5D). 

In the second embodiment of the invention as described 
above, the ceramic particles 27 are mixed into the coating 
?lm 29, making it possible to control the surface roughness 
Ra of the coating ?lm 29 depending upon the particle siZe of 
the ceramic particles 27 that are mixed and the mixing 
amount thereof. 

Although the invention has been described referring to the 
embodiments thereof, it should be noted that the invention 
is in no Way limited by the conditions and constructions 
described in the embodiments but can be modi?ed in a 
variety of Ways. For instance, the shape and siZe of the 
ultrasonic tool described in the embodiments are mere 
examples, and can be suitably varied depending upon the 
shape and siZe of the part that is to be bonded. 

In the above embodiments, a stainless steel is used as the 
base material for the ultrasonic tool. Without being limited 
to the stainless steel, hoWever, there may be used a metal 
material comprising iron as a main component, such as a 
carbon steel or a titanium steel, that hardly deforms at a 
temperature of 500 to 6000 C. like stainless steel. The 
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8 
composition of the base material may be of the stainless 
steel, carbon steel or titanium steel speci?ed under JIS 
standards. 

In the above embodiments, the ultrasonic bonder com 
prises the ultrasonic tool and the horn that are separate from 
each other. The ultrasonic bonder, hoWever, may comprise 
an ultrasonic tool and a horn Which are integral together. In 
this case, although the surface of the horn may be provided 
With a coating ?lm of chromium oxide, it is sufficient for the 
purpose of the invention that at least the surface thereof in 
contact With a part to be bonded is coated With the ?lm of 
chromium oxide. 

In the above embodiments, the boosters are combined 
together to realiZe the ultrasonic bonder of a type of ampli 
fying or attenuating the amplitude of the ultrasonic Waves. 
This is, hoWever, only an example, and the invention may be 
applied to an ultrasonic bonder Which controls the amplitude 
of the ultrasonic Waves by adjusting the poWer of the poWer 
source itself. 

In the bonding step using the ultrasonic tool of the above 
embodiment, the ultrasonic Waves are applied after the 
pressure is elevated up to a predetermined load. HoWever, 
the same effect is also obtained even When the pressure is 
gradually elevated up to the predetermined load While 
applying ultrasonic Waves. 

In the bonding step using the ultrasonic tool of the above 
embodiment, the ultrasonic bonding is effected after the 
under-?lling resin is applied. Conversely, hoWever, the ultra 
sonic bonding can be folloWed by the injection of the 
under-?lling resin into beneath the electronic part and the 
curing thereof. In this case, the same effect is also obtained. 
The present invention is typically utilized in ?ip-chip 

bonding of a semiconductor chip. HoWever, the body to be 
bonded is not limited to a semiconductor chip only, but may 
be another electronic part such as a ferroelectric device or a 
liquid crystal panel. Further, the objects to be bonded are not 
limited to those made of metal but may be made of resin. 
The invention claimed is: 
1. An ultrasonic tool for bonding tWo materials to each 

other by joining a face of one of the materials to a face of 
the other material using the action of ultrasonic Waves 
applied to one of the materials through another face of the 
one of the materials, Wherein the ultrasonic tool has a 
coating layer comprising chromium oxide as a main com 
ponent and formed on at least a surface of the tool that is to 
be in contact With the another face of the one of the 
materials, through Which the ultrasonic Waves are applied to 
the one of the materials. 

2. The ultrasonic tool of claim 1, Wherein the coating layer 
consists essentially of chromium oxide. 

3. The ultrasonic tool of claim 1, Wherein the coating layer 
contains chromium oxide and particles of one or more other 
or materials. 

4. The ultrasonic tool of claim 3, Wherein the material of 
the particles is a ceramic. 

5. The ultrasonic tool of claim 1, Wherein the body of the 
tool is formed of a metal material containing iron. 

6. The ultrasonic tool of claim 5, Wherein the metal 
material is selected from the group consisting of carbon 
steels, stainless steels, and titanium steels. 

7. The ultrasonic tool of claim 1, Wherein the coating layer 
has a thickness in a range from 1 to 3 micrometers. 

8. The ultrasonic tool of claim 1, Wherein the coating layer 
has a surface roughness Ra of 0810.1 micrometers. 

9. An ultrasonic bonder used for bonding tWo materials to 
each other by joining a face of one of the materials to a face 
of the other material using the action of ultrasonic Waves, the 
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ultrasonic bonder comprising a source of ultrasonic energy, 
an ultrasonic tool for applying the ultrasonic energy to one 
of the materials, to be bonded While being in contact With the 
one of the materials, and a horn for transmitting the ultra 
sonic energy to the ultrasonic tool, Wherein the ultrasonic 
tool has a coating layer comprising chromium oxide as a 
main component and formed on at least the surface of the 
tool, that is in contact With the face of the one of the 
materials, through Which the ultrasonic Waves are applied to 
the one of the materials. 

10. The ultrasonic bonder of claim 9, Wherein the coating 
layer of the ultrasonic tool consists essentially of chromium 
oxide. 

11. The ultrasonic bonder of claim 9, Wherein the coating 
layer of the ultrasonic tool contains chromium oxide and 
particles of other material or materials. 
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12. The ultrasonic bonder of claim 11, Wherein the mate 

rial of the particles is a ceramic. 
13. The ultrasonic bonder of claim 9, Wherein the body of 

the ultrasonic tool is formed of a metal material containing 
iron. 

14. The ultrasonic bonder of claim 13, Wherein the metal 
material is selected from the group consisting of carbon 
steels, stainless steels, and titanium steels. 

15. The ultrasonic bonder of claim 9, Wherein the coating 
layer of the ultrasonic tool has a thickness in a range from 
1 to 3 micrometers. 

16. The ultrasonic bonder of claim 9, Wherein the coating 
layer of the ultrasonic tool has a surface roughness Ra of 
0810.1 micrometers. 


